Introduction
============

Primary diffuse leptomeningeal gliomatosis (PDLG) is diagnosed when a glioma is located in the subarachnoid space, while intraparenchymal tumor lesions are absent \[[@B1]\]. PDLG must be distinguished from secondary meningeal gliomatosis resulting from a primary gliomatous CNS tumor. PDLG occurs frequently along the spinal cord \[[@B2]\]. PDLG, especially when caused by malignant astrocytic cells, is associated with very poor survival \[[@B3]\]. A standardized therapy for patients with PDLG is lacking \[[@B4]\].

We describe a patient with PDLG consisting of malignant astrocytic cells who underwent combined radio- and chemotherapy leading to the longest survival time described in the literature thus far.

Case Report
===========

A 53-year-old man was referred to the Dept. of Neurology due to a generalized epileptic seizure and five months later he presented with bilateral sensory deficits at dermatome levels T8-10, paraparesis and gait disturbance. Cerebrospinal fluid (CSF) analysis revealed a high cell count (300/3 cells/μl; reference range: 5/3 cells/μl) with atypical cells that could not be further characterized. T1-weighted images (T1-WI) revealed spinal and cranial Gd-enhancing nodules in the leptomeninges (Figures [1a-e](#F1){ref-type="fig"}) and on T2-weighted images (T2-WI) an intramedullary edema (Figure [1c](#F1){ref-type="fig"}).

![**Note Gd-enhanced supra- and in-fratentorial meningeal thickenings of the brain in sagittal T1-W image (a)**. Prior to ra-diochemotherapy, T1-WI reveals lep-tomeningeal Gd-enhancement (b) and T2-WI shows edema of the myelon on levels C7, T1-2 and T5-6 due to minor tumor extensions in the adjacent spinal cord (c). Following radiochemotherapy, T1-WI displays reduced leptomeningeal Gd-enhancement (d) while T2-WI shows less myelon spinal edema on those levels (e).](2047-783X-16-9-415-1){#F1}

Three weeks later, intradural biopsy from a Gd-enhancing nodule at L2-3 level revealed fibrously-thickened meninges infiltrated by malignant astrocytic tumor cells (Figures [2a-c](#F2){ref-type="fig"}). the tumor was categorized as primary diffuse leptomeningeal gliomatosis (PDLG) confirmed by the Reference Center for Brain Tumors in Düsseldorf, Germany.

![**Intradural lumbar biopsy displays fibrously-thickened lep-tomeninges infiltrated by pleomorphic neoplastic astrocytic cells (a)**. The astrocytic tumor cells reveal intensive intracytoplasmic staining with anti-glial fibrillary astrocytic protein. (b). Ki67 (MIB-1) staining reveals a high proliferation index of up to 20% (c).](2047-783X-16-9-415-2){#F2}

Prior to radiotherapy of the craniospinal axis (4 × 2.5 Gy/week, total dose: 30 Gy), the patient underwent 3 cycles of temozolomide (TMZ) (cycle 1: 150-200 mg/m^2^TZM, d1-5, q28d). On re-staging, spinal T1-weighted images showed tumor-lesion regression on L5 and spinal T2-WI images demonstrated spinal-edema regression (compare Figures [1c-d](#F1){ref-type="fig"} with Figures [1a-b](#F1){ref-type="fig"}). Three weeks after the completion of radiotherapy the patient received eight additional cycles of TMZ (200 mg/m^2^TZM, d1-5, q28d), during which meningeal thickening of the brain regressed. However, spinal MRI thirteen months after starting TMZ therapy revealed meningeal tumor progression at the lesions on spinal levels C1-2, C7-t2 and T5-8. Five cycles of second-line chemotherapy with irinotecan and bevacizumab failed to halt further clinical deterioration. the patient died twenty-two months after the diagnosis of PDLG and exhibited until dead an encouraging Karnovsky performance status of 60%. an autopsy was declined.

Discussion
==========

The diagnosis of PDLG is usually established by autopsy but rarely diagnosed prior to death \[[@B1]\]. PDLG of the oligodendroglial and that of the well-differentiated astrocytic tumor type are associated with a considerably longer median survival time than that of the malignant astrocytic tumor type \[[@B5]\].

PDLG was diagnosed in the aforementioned case, as we observed on histopathology leptomeningeally-encapsulated malignant astrocytic cells without primary attachment to the spinal cord or brain parenchyma and Gd-enhancing leptomeningeal thickening at the base of the brain and spinal level in MRI \[[@B6],[@B7]\].

Various treatment modalities were used for 14 patients suffering from PDLG with malignant astrocytic cells reported in the literature so far (cf. Table [1](#T1){ref-type="table"}), demonstrating the lack of a standardized treatment regimen of PDLG with malignant astrocytic cells. Although the number of cases is small, the data on their survival times (cf. Table [2](#T2){ref-type="table"}) might suggest that radiotherapy and temozolomide (TMZ) as established treatment for newly diagnosed recurrent anaplastic astrocytomas \[[@B8]\] also seem to be valid for PDLG with malignant astrocytic cells. This concept is supported by the observation that radiotherapy alone can prolong the median survival time of five months for patients without any specific therapy to a median survival of 12 months and that integration of TMZ in the chemotherapy alone may lead to a prolonged median survival of 15 months. The importance of TMZ in the chemotherapy treatment of PDLG is supported by the observation that the median survival time fell to 3 months when the integration of TMZ was omitted.

###### 

Clinico-pathological characteristics and treatment of adult patients suffering from PDLG with malignant astrocytic cells including our case

  Age   Gender   Survival   First Symptoms                                                 Localization   Biopsy   Autopsy   Radiotherapy        Chemotherapy                    Reference
  ----- -------- ---------- -------------------------------------------------------------- -------------- -------- --------- ------------------- ------------------------------- ------------
  43    M        \< 1       headache, nausea, facial nerve paresis                         Cr, SC         \-       \+        \-                  \-                              \[[@B15]\]
  51    M        2          IRP, back pain                                                 Cr, SC         \+       \-        \-                  \+ CYC, ADR, 5FU, MTX it        \[[@B10]\]
  47    M        2          headaches, altered consciousness, numbness in both arms        Cr             \+       \-        \-                  \+ MTX it                       \[[@B16]\]
  23    F        \< 3       IRP, seizures                                                  Cr             \-       \+        \-                  \-                              \[[@B12]\]
  52    M        3          low back pain, numbness of both legs                           Cr, SC         \+       \+        \+ (craniospinal)   \+ MCNU, Interferon             \[[@B17]\]
  63    F        3          IRP, headache, coma                                            Cr, BrS        \+       \+        \-                  \+ CYC                          \[[@B11]\]
  19    M        3          IRP                                                            Cr, SC         \-       \+        \-                  \-                              \[[@B18]\]
  25    M        5          IRP                                                            Cr, BrS, SC    \+       \+        \-                  \-                              \[[@B19]\]
  71    M        7          back stiffness                                                 SC             \-       \+        \-                  \-                              \[[@B2]\]
  50    M        7          IRP, polyneuritis cranialis                                    Cr, BrS, SC    \+       \+        \-                  \-                              \[[@B5]\]
  19    M        11         holocephalic headache, nausea, vomitus, left-sided weakness    Cr, SC         \+       \-        \+ (craniospinal)   \+ TMZ                          \[[@B13]\]
  60    M        12         blurred vision, back pain                                      SC             \+       \-        \+ (spinal)         \-                              \[[@B20]\]
  24    M        13         holocephalic headache, neck pain, diplopia, confusion          Cr, SC         \+       \-        \-                  \+ 12c × TMZ/BCNU               \[[@B13]\]
  40    F        17         ataxia, incontinence, obstipation                              Cr             \+       \-        \-                  \+ 7c × TMZ, AUC + ETO, BCNU    \[[@B14]\]
  53    M        24         seizures, gait disturbance, paraparesis, sensory disturbance   Cr, SC         \+       \-        \+ (craniospinal)   +11c xTMZ, INN, DDP, INT, BVZ   our case

5-FU = 5-fluouracil, ADR = Adriamycin, AUC 5 = Carboplatine, BCNU = Carmustine, BrS = brainstem, BVZ = Bevacizumab, c = cycle, CA = Cytarabine, CCNU = Lomustine, Cr = Cranial, CYC = Cyclophosphamide, DDP = Cisplatin, ETO = Etoposide, INN = topotecan, INT = Irinotecan, IRP = raised intracranial pressure, it = intrathecally, MCNU = Ramustine, MTX = Methotrexate, SC = spinal cord, TMZ = Temozolomide, TOP = Thiotepa, Vincristine, Prednison

###### 

Summary of the literature: PDLG with malignant astrocytic cells

  ---------------------------------------------------------- -------------
  Number of cases (including our patient)                    15
  M: F ratio                                                 12:3
  Median age (in years); age range (in years)                43; 19-71
  Secondary brain involvement                                87% (13/15)
  Secondary spinal cord involvement                          74% (11/15)
  Median survival (in months)                                8 (1-24)
  Median survival without therapy (in months)                5 (1-7)
  Median survival with radiotherapy only                     12
  (in months)                                                
  Median survival with chemotherapy only                     3
  (in months)                                                
   - without temozolomide                                    \< 3
   - including temozolomide                                  15
  Median survival with radio- und chemotherapy (in months)   11
   - without temozolomide                                    3
   - including temozolomide (our patient)                    18
  ---------------------------------------------------------- -------------

The prolonged survival of our patient may be due to the addition of TMZ to radiation therapy as it resulted in an extent of the median survival time for high grade glioma patients \[[@B9]\]. In addition, the hypofractionated radiotherapy regimen used is supposed to be more effective than conventional fractionated irradiation. Additionally, the patient\'s good Karnofsky performance status may have contributed to our patient\'s prolonged survival.

In conclusion, we report on partial regression and long survival in a patient with PDLG of the malignant astrocytic type following hypofractionated radiotherapy and TMZ. An immediate radiochemotherapy seems crucial for a prolonged survival of PDLG patients in good general condition.

Conflict of interests
=====================

The authors disclose no or potential conflict of interest including any financial, personal or other relationships with other people or organizations within the three years of beginning the submitted work that could inappropriately influence or be perceived to influence their work.
